T he past decade has seen a dramatic change in Canadian health care as the treatment of many patients shifts from the hospital setting to the home or other alternative health care settings (1). Complex advances in technology and significant changes in the funding environment have also precipitated many changes in the functional capacity of our health care system. The portion of the total Canadian health care expenditures that has been allocated to hospitals and other institutions has declined steadily over the past two decades (2,3). This reduction in institutional-based funding reflects the need to develop a system that improves the use of out-ofhospital sites for delivery of health care services and decreases reliance on the specific institutional component of the health care sector. Recent data reveal that Canadian hospital discharge rates have decreased by 14% between 1994 and 1998, and there has been a reduction in the length of stay from 7.4 to 7 days (4). In conjunction with a reduction in the number of hospital beds, there has been a massive shift in the proportion of surgeries that are performed on an outpatient basis. Further developments in the delivery of care include the increased use of telehealth, which allows health care professionals to provide increasingly complex services centralized hospital sites to outlying areas.
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The shifts in the funding and delivery of health care services have produced an array of new and difficult challenges. First, the shift in patient care has caused an increase in the severity and acuity of illness among patients receiving care in the hospital environment compared with hospitalized patients in previous decades. These shifts have led to critical care beds. Thus, patients who now receive care in the hospital setting may be at an increased risk for a number of adverse outcomes including nosocomial infections, deep vein thrombosis, pulmonary embolism, upper gastrointestinal bleeding, central nervous system complications, decubitis ulcers, sepsis and increased transmission of antimicrobialresistant organisms. The present article briefly reviews important aspects of the restructured hospital environment and how they may contribute to an increased risk for nosocomial infections and the transmission of antimicrobialresistant microbes. In addition, relevant data that support this hypothesis are reviewed. Several factors unique to the current restructured health care setting may contribute to an increased propensity for nosocomial infections and the transmission of antimicrobialresistant pathogens. These factors may be related to the host, the host-microbe interaction, the use of antimicrobials, the host-antimicrobial interaction, the host environment (including the physical plant, general environmental hygiene, the use of aseptic technique and other infection control practices), and the host-health care provider interaction, the latter of which has received scant attention.
Patients with a higher level of acuity of illness, greater levels of immunosuppression, malnutrition, history of frequent hospitalizations, presence of invasive devices, and loss of integrity of normal skin and mucosal barriers, and a more aged population all contribute to an increased risk of infection (5-7). Immobility, bladder and bowel incontinence, and immunosenesence, often found in the elderly, are also associated with an increased risk of infection. Patients at an increased risk of infection are also more likely to become colonized or infected with antimicrobial-resistant pathogens related to exposures during previous health care encounters and have an increased exposure to antimicrobial agents, both of which may contribute to this increased risk of infection (8) (9) (10) . Another important factor affecting nosocomial infections and the transmission of antimicrobial-resistant organisms is the facility utilization of antimicrobials (11, 12) . Many studies have demonstrated a relationship between antimicrobial utilization and the development of resistance (13, 14) . With an increased acuity of illness and higher burden of complex medical illnesses, it is anticipated that there will be a greater need for antimicrobial use of those patients remaining in the hospital system. A recent five-year review of antimicrobial utilization at a Canadian tertiary care institution, based on a standardized incidence density rate of usage, revealed that there has been a steady increase in the use of antimicrobials during the latter part of the 1990s (personal communication, K Iverson, M Pitre and J Conly).
Restructuring within the institutional setting is often associated with construction activities and the realignment of the delivery of health care services within the institution. The association of construction and renovation projects with increased propensity for infections such as Legionnaires disease and Aspergillus species infections is well documented and has been recently reviewed (15) . Changes in the physical plant may also be associated with changes in the environmental hygiene and disinfection practices. These changes may include the inappropriate use of flash sterilization, unsafe handling of infectious wastes, no means of physically cohorting patients, lack of dedicated equipment, recirculation of unfiltered air and decreased environmental hygiene (15, 16) .
Another factor that plays a role in the restructured environment is the poor use of aseptic technique and other sound infection control practices, including handwashing. Considerable evidence supports the belief that antimicrobialresistant organisms may be carried from patient to patient via the unwashed hands of health care workers (17) . The larger variety of health care workers, including less skilled workers and part-time staff attending to patients needs, may result in inconsistent training and compliance with basic hygiene skills such as handwashing, gloving, gowning and the use of aseptic technique. Case control studies have demonstrated that lack of familiarity with a required skill set in a specific work setting has been associated with an increased number of nosocomial infections (18, 19) . Concern has also been raised regarding the use of an increasing number of unregulated casual health care providers, and the impact that this may have on development of nosocomial infections and the transmission of antimicrobial-resistant microorganisms. Several studies have demonstrated that understaffing, and the educational level and skill of the health care practitioner have an association with the transmission of microorganisms and the development of nosocomial infections; these latter points deserve specific comments.
During the 1990s, repeated media reports of cutbacks in hospital nurse staffing, as well as the adverse effects of these cutbacks, on patients created a significant concern in the nursing profession of both United States and Canada. In the United States, these reports generated significant public interest and led to a Congressional hearing, a report by the Institute of Medicine and the development of a National Research Agenda within several agencies within the United States federal government. As a result of these deliberations, the Secretary of Health and Human Services requested that the topic of nurse staffing and quality of care be examined. This examination led to the Health Resources and Services Administration, Division of Nursing (within the Health Care Financing Administration) and National Institute of Nursing Research (within the National Institutes of Health) to cosponsor a massive study to investigate the relationship between patient outcomes sensitive to nursing ratios and the nursing staffing levels in acute care hospital inpatient units. The results of this 11-state, all patient analysis demonstrated strong and consistent relationships among nursing staff variables and several patient outcomes, including urinary tract infections and pneumonia rates (20) . There was a very strong link between patient outcomes and levels of registered nursing staffing compared with evidence linking patient outcomes to less skilled workers. Regarding urinary tract infection rates in medical and surgical patients, there was an estimated 4% to 12% and 5% to 6% reduction, respectively, with high registered nursing staffing, and a 4% to 25% and 3% to 14% reduction, respectively, with high levels of all nursing staffing. Similarly, with respect to the development of nosocomial pneumonia in medical patients, there was an estimated 6% to 8% reduction in rates with higher registered nursing staffing and a 6% to 17% reduction with high levels of all nursing staffing variables.
Moreover, specific studies have examined the influence of staff workload with respect to hospital-acquired staphylococcal infections, both methicillin susceptible and methicillin resistant. In a study conducted in a large neonatal intensive care unit (NICU) in the mid-1970s, the role of overcrowding and understaffing, and their association with recurrent exacerbations of staphylococcal infections, was observed (21) . Experiences in other NICUs and other units have confirmed these initial observations (22) (23) (24) . In an elegant study, Haley et al (25) demonstrated an association between persistent Adult ID Notes understaffing and overcrowding in an NICU and high methicillin-resistant Staphylococcus aureus (MRSA) infection rates by using a measure of intensity-of-care requirements and changes in severity-of-illness case mix. The rate of MRSA infection, adjusted for time-and-intensity-of-care, increased in both intermediate and intensive care areas (rate ratio 1.7; 95% CI 0.10 to 2.8; P<0.05) after overcrowding and understaffing increased. The rates decreased following the implementation of measures to reduce overcrowding and understaffing. In a study conducted in an adult intensive care unit (ICU), a highly significant correlation was demonstrated between the number of MRSA cases, and the staff to patient ratio and staff to workload ratio (26) . With respect to transmission of vancomycin-resistant enterococci (VRE), a positive association was reported between workload utilization, using the GRASP system, and a small VRE outbreak on a medical floor of a Canadian tertiary care institution in 1999 (27) . Mean nursing utilization scores were 108.2 before bed closures and rose significantly (P<0.001) to 121.9 in association with the outbreak, with no changes in mean GRASP scores of 96.8 to 103.1 on a nonoutbreak control ward during the same times. The increasing rates of hospital-acquired Clostridium difficile-associated diarrhea has led to speculation as to whether staff workload increases related to restructuring, coupled with rising rates of hospital antimicrobial usage, may be significant contributing factors (28) .
For nosocomial infections, a case control study examining patients in an ICU who developed a central venous catheterrelated blood stream infection revealed that nursing staff reductions below a certain threshold during a period of increased total parenteral nutrition (TPN) use may have contributed to the increase in central venous catheter-related blood stream infections (19) . The nurse to patient ratio was found to be an independent risk factor in this study despite controlling for TPN use, assisted ventilation and the period of hospitalization. In a prospective observational study conducted as a before-after analysis, Taylor et al (16) examined the effects of the intense health care restructuring that occurred in Alberta in the mid-1990s on hospital-acquired bloodstream infections. Illustrating to the dramatic changes in Alberta health care delivery during the two time periods studied, there was a 10% reduction in hospital bed numbers, a 19% reduction in admissions, a 17% reduction in patient days, a 25% increase in TPN days, an increase of the use of central catheters in the ICU by 41% and a 31% increase in nosocomial blood stream infections.
Unfortunately, there is a dearth of well conducted studies that have examined the influence and importance of understaffing and overcrowding as risk factors for nosocomial infection and transmission of antimicrobial-resistant pathogens. With the cutbacks and downsizing that are occurring during this era of restructuring in the Canadian health care institutional setting, it is important to evaluate carefully both the sets of staffing levels, and the experience and skill set of the staff regarding the development of these infectious complications. It will also be important for Canadian investigators to examine these changes not only with respect to nosocomial infections but also with repsect to other measures and outcomes related to the quality of care provided within the institutional sector.
